Ice caps on Venus? by Libby, W. F.
.. 
, . *  
I $ I CSFTl PRICE(S) $ 
Hard copy (HC) I 
Microfiche (MF) (i Ld 
ff 653 July 65 
" I C E  CAPS ON 
by 
S ? "  
Department of Chemistry 
and 
I n s t i t u t e  of Geophysics 




The Venus d a t a  obta ined  by t h e  Mariner 5 and Venus 4 probes are  
i n t e r p r e t e d  as  evidence f o r  g i a n t  p o l a r  i ce  caps which hold the  water  
which must have come out  of the volcanos w i t h  t h e  observed CO on t h e  
assumption t h a t  t h e  e a r t h  and Venus are  of s imi l a r  composition. L i f e  
would seem t o  be a d i s t i n c t  p o s s i b i l i t y  a t  t he  edge of t h e  i c e  s h e e t s .  
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The almost exac t  correspondence of t he  l a r g e  amount of carbon 
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d iox ide  found i n  the  atmosphere of Venus by the  Russian probe 
Venus 4 w i t h  t h e  t o t a l  CO 
may have ve ry  s i m i l a r  over a l l  composition. 
on e a r t h  sugges ts  t h a t  t he  e a r t h  and Venus 2 
2 
The t o t a l  amount of 
l imestone on e a r t h  i s  9 . 2  * grams of co2 equ iva len t  which would 
amount t o  18 atmospheres pressure i f  i t  were a l l  p resent  a s  gas,  
and t h i s  f i g u r e  ag rees  ve ry  wel l  w i th  the  Venus 4 r e s u l t  f o r  t h e  
atmosphere of Venus. 
Venus form CaCO ?" and 'Where i s  Venus' water?" .  




I f  Rubey's e x c e l l e n t  argument f o r  t he  g radua l  s imultaneous 
l i b e r a t i o n  of t e r r e s t r i a l  CO and H 0 by vo lcan ic  a c t i o n  a p p l i e s  t o  2 2 
Venus we need t o  understand where the  water  has  gone. We can r e a d i l y  
s e e  t h a t  oceans cannot have formed s i n c e  they would have caused CaC03 
t o  p r e c i p i t a t e  and lowered the  CO 
cannot be i n  the  atmosphere s ince  the  Venus 4 measurements gave an upper l i m i t  
p re s su re  below t h a t  observed.  And the  water 2 
of 1 . 2  per  cent  o r  .24 atmospheres. 
There a r e  va r ious  p o s s i b i l i t i e s  t o  cons ider  bu t  l e t  us  f i r s t  review 
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2 t h e  f a c t s  f o r  t he  e a r t h  as given by Rubey. The r a t i o  of H 0 t o  CO 
(o r  r a t h e r  t o  the  sum of a l l  forms  of s u r f a c e  compounds of CO 
as t h e  gas i t s e l f )  i s  l a r g e ,  1 8 : l  by mass. So we need t o  see  what could 
be d i f f e r e n t  about Venus i n  i t s  d i s p o s a l  of and r e a c t i o n  t o  steam i s s u i n g  
2 
a s  w e l l  2 
from i t s  depths  over t h e  long b i l l i o n s  of yea r s .  
L e t  u s  begin wi th  t h e  water gas  r e a c t i o n  
(1) CH + 2 H 2 0  = C02 + 4H2 4 
which occurs  ( i n  analogous form) f o r  a l l  forms of organic  compounds a t  
t empera tures  of hundreds of degrees  cen t ig rade  such as have been 
3 
r e p o r t e d  on t h e  s u r f a c e  of Venus. The hydrogen formed might escape from 
t h e  p l a n e t j a n d  thus  w e  w o ~ l d  remove t w o  w a t e r  molecules f o r  each CO made,and 2 
t h i s  might reduce t h e  r a t i o  s u b s t a n t i a l l y .  But t h e  e a r t h  h a s  had t h e  same 
exper ience  presumably and s t i l l  h a s  a seventeen  f o l d  water  e x c e s s .  Since 
H 0 molecules  cannot escape from Venus a t  any a p p r e c i a b l e  r a t e ,  i t  see-ms 2 
t o  b e  very  u n l i k e l y  t h a t  t h e  water  has  d isappeared .  We a r e  l e f t  s e r i o u s l y  
perplexed a s  t o  why t h e  p l a n e t  Venus should be s o  d i f f e r e n t .  
There seems t o  be only  one p o s s i b i l i t y  worth c o n s i d e r a t i o n  (assuming t h e  
two p l a n e t s  t o  be s i m i l a r  i n  composition) -- ice  caps a t  t h e  p o l e s .  The 
thought i s  t h a t  t h e  water  i s  trapped i n  t h i s  way i n  g r e a t  caps  perhaps 
10 o r  more k i l o m e t e r s  t h i c k .  I s  i t  reasonable  t h a t  a 
p l a n e t  r o t a t i n g  a s  s1orsJly a s  Venus appears  t o  do  
and l y i n g  30% c l o s e r  t o  t h e  sun t h a n  t h e  e a r t h  should have p o l a r  caps ,  
p a r t i c u l a r l y  vhen t h e  m i d - l a t i t u d e  temperatures  a r e  so h i g h ?  
3 - -  once every  243 days--  
The angle  
of i n c l i n a t i o n  of t h e  a x i s  of  r o t a t i o n  w i t h  respec t  t o  t h e  normal t o  t h e  
e c l i p t i c  i s  smal l  , 
s t o r e  t h e  v z s t  q u a n t i t i e s  of i c e  needed t o  keep h e r  s e a s  d r y  and t h u s  t o  
3 
Is i t  p o s s i b l e  t h a t  Venus has  p o l a r  a r e a s  c o l d  enough t o  
prevent  l imestone formation? 
I n  o r d e r  t o  answer t h i s  ques t ion  l e t  us c o n s i d e r  t h e  problem of the  , 
c i r c u l a t i o n  of t h e  atmosphere of Venus and t r y  t o  understand t h e  consequent 
p a t t e r n s  of h e a t  flow from t h e  s u n l i t  m i d - l a t i t u d e  r e g i o n s  t o  t h e  p o l e s  and 
t h e  d a r k  n i g h t  s.ide. 
a t  a l l .  
sun r i s i n g  i n  t h e  w e s t .  A c t u a l l y  a s  we have s a i d  t h e r e  i s  some evidence of  
a n  e a s t  t o  v e s t  r o t a t i o n  of Venus w i t h  aborlt t h e  same per iod .  T h i s  means 
Suppose, a s  a s t a r t ,  t h a t  t h e  p l a n e t  d o e s n ' t  r o t a t e  
Then t h e  day w i l l  be  one Venus y e a r  long o r  2 2 5  of our days w i t h  t h e  
t h e  day is about halved t o  125 t e r r e s t r i a l  days a g a i n  wi th  t h e  wes tern  s u n r i s e  
and e a s t e r n  sunse t .  The s o l a r  c o n s t a n t  w i l l  be 3 . 8  cal/cm 2 /min a t  t h e  equator  
4 w i t h  an albedo of about . 7 1 .  I f  w e  suppose t h e  C02 content  i s  20 atmospheres o r  
4 
2 
460 moles pe r  cm , t h e  time cons tan t  f o r  s o l a r  h e a t i n g  a t  t h e  equator  w i t h  
p e r f e c t  v e r t i c a l  mixing w i l l  be about 4700 minutes pe r  degree c e n t i g r a d e ,  
a ve ry  s l u g g i s h  r a t e .  
T h i s  ve ry  r e a d i l y  exp la ins  t h e  h o t  n i g h t  s i d e  as found, because even 
a f t e r  112 days ( t e r r e s t r i a l )  the l a w  of r a d i a t i v e  l o s s  l i m i t s  t h e  n i g h t  
coo l ing .  
on ly  10 degrees  f o r  a p e r f e c t  b lack  body a t  235°K ( t h e  cloud top  tempera- 
t u r e  r epor t ed  ). 
The c a l c u l a t e d  cooling w i t h  p e r f e c t  v e r t i c a l  s t i r r i n g  would be 
4 
The e q u a t o r i a l  atmosphere could be very  ho t  and s t a y  h o t  throughout 
t h e  n i g h t ,  t h e  source  of hea t  being t h e  v i s i b l e  s u n l i g h t  which i s  t r a n s -  
mi t t ed  t o  t h e  ground and absorbed t h e r e  a f t e r  which t h e  h o t  s u r f a c e  i n  t u r n  
h e a t s  t h e  a i r  and causes  vigorous l o c a l  v e r t i c a l  mixing up t o  t h e  cloud t o p s .  
The Venus 4 r e p o r t  was 280°C on t h e  da rk  s i d e  s u r f a c e  a t  t h e  equator  w i t h  
a v e r t i c a l  g r a d i e n t  of about 10"per k i lome te r  so t h e  r a d a r  a l t i m e t e r  r ead ing  
of 2 6  km. a t  30°C and a pressure  of about 1 .5  atm. shows e x c e l l e n t  v e r t i c a l  
mixing t o  extend t o  2 6  km. and q u i t e  p robably  t o  t h e  cloud tops .  The l i n e a r  
v a r i a t i o n  of temperature wi th  a l t i t u d e  when combined wi th  t h e  p r e s s u r e  d a t a  
and assuming t h e  atmosphere t o  be e s s e n t i a l l y  pure  CO 
1 
g i v e  t h e  r e l a t i o n  
2 
Thus, i f  t h e  cloud temperature were 0°C t h e  a l t i t u d e  would be  29 km a t  a 
p r e s s u r e  of 1 a t m .  and i f  -40°C (as observed r a d i o m e t r i c a l l y ) ,  33 km and 
t h e  p r e s s u r e  0.4 atm. 
a l t i t u d e  a c t u a l l y  measured was 26 km. 
CO c louds  and leave  water as t h e  l ead ing  p o s s i b i l i t y .  A t  -40°C t h e  vapor 
p r e s s u r e  of CO l i q u i d  i s  10 atmospheres. 
Of course ,  t h e s e  a r e  e x t r a p o l a t i o n s  s i n c e  t h e  h i g h e s t  




What should we expec t  t o  be t h e  temperatures  a t  t he  po le s  i n  the  
l i g h t  of t h e  above? Does i t  fol low t h a t  the  po le s  could not  have i c e  
when t h e  e q u a t o r i a l  atmosphere i s  so h o t ?  
We suggest  t h a t  i t  i s  indeed p o s s i b l e  t o  have i c e  caps s i n c e  the  
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p l a n e t  Venus r o t a t e s  ve ry  s l o w l y .  From our knowledge of t e r r e s t r i a l  
winds we suspec t  t h a t  t h e  r o t a t i o n a l  fo rces  (Cor io lus)  are extremely 
important  f o r  n o r t h  and south energy t r a n s p o r t  and t h a t  t h i s  t r a n s p o r t  w i l l  
be sma l l e r  on Venus. 
I I I. CONCLUS ION 
The Venus d a t a  seem t o  f i t  t h e  Rubey model f o r  t h e  e a r t h  and b o l s t e r  
t h e  t h e s i s  t h a t  t he  e a r t h  and Venus were made of ve ry  s i m i l a r  m a t e r i a l  
w i t h  about t h e  same amount of carbon probably a s  pr imeval  organic  compounds 
as w e l l  a s  c a r b i d e s ,  ca rbona te s ,  g r a p h i t e  e t  a l .  These a r e  converted t o  
c0 and emi t ted  a s  vo lcan ic  gases  toge the r  w i th  excess water .  2 
A t  t h e  edge of t h e  g l a c i e r s  mel t ing  w i l l  occur and streams and smal l  
oceans and f r e s h  water l akes  may e x i s t .  
t h e  e q u a t o r i a l  s u r f a c e  i s  too  h o t ,  bu t  i t  i s  our  sugges t ion  t h a t  above 
c e r t a i n  l a t i t u d e s  i n  both hemispheres small bodies  of water border ing  on 
ex tens ive  p o l a r  r eg ions  capped wi th  g r e a t  s h e e t s  of i c e  e x i s t  and t h a t  
evapora t ion  from t h e s e  bodies  due t o  t h e  hot  winds t h a t  do f ind  t h e i r  way 
t o  t h e  h igh  l a t i t u d e s  c o n t i n u a l l y  r e p l e n i s h e s  the  c louds  which we take  t o  
be mainly water which a r e  p r e c i p i t a t i n g  over the  p o l a r  areas. 
No ex tens ive  oceans e x i s t  because 
It seems t h a t  any forms of l i f e  which can e x i s t  i n  high concen t r a t ions  
of carbon d iox ide  may w e l l  e x i s t  on Venus i n  t h e  semi-polar r eg ions  where 
t h e  temperatures  may w e l l  be m i l d  enough. 
6 
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